The isotopic composition of Gd in one chondrite, two achondrites, and the silicate inclusions of two iron meteorites has been determined. When corrected for mass discrimination, Gd in all samples except the Norton County achondrite shows the same relative isotopic abundances as terrestrial Gd. These results set an 
INTRODUCTION
The large isotopic cross sections of Gd TM and Gd • for thermal neutrons (254,000 barns and 60,000 barns, respectively) [M•ller et al., 1960] indicate that these isotopes can serve as sensitive indicators of the integrated thermal neutron exposures of natural samples.
In comparing the isotopic composition of Gd in terrestrial samples, meteorites, and lunar material, at least two possible sources for differences have to be considered: (1) a neutron irradiation in the early history of the solar system that was different for terrestrial, meteofftic, and lunar samples and (2) a flux of thermal neutrons produced by moderation of secondary cosmic ray neutrons.
Two factors enter into a general discussion of Gd isotopic variations due to primordial irradiations: (1) the possibility of postirradiation mixing of irradiated and unirradiated material and (2) the magnitude of the integrated neutron flux. At present no positive evidence for such irradiations exists (see Burnett et al. [1965 Burnett et al. [ , 1966 for detailed discussions). For the case of a very high neutron exposure, e.g., as in the 1. Chemical separation. All samples were dissolved in HC10• and I-IF, typically I ml of each, evaporated to dryness in a stream of filtered nitrogen and redissolved in a few ml of 4N ITC1. This solution was again evaporated to dryness, the residue dissolved in 2N ITC1, and the solution stored in a polyethylene bottle.
Gd was separated by ion exchange in a twocolumn operation. An aliquot corresponding to a 50-100 mg solid sample was taken, evaporated to dryness, and then brought into solution in 2 ml of 1.5 N HC1, which was loaded onto a 20 x i cm cation-exchange column made from SiO• glass, packed with Dowex 50 X 8, 100-200 mesh resin. The resin height after preconditioning with 300 ml 4N ItC1 was 17 cm. Most of the rare earths were separated from all major constituents by elution with 4N ItC1 and col- Based on YIe 3 concentration [Kirsten et al., 1963] and YIe3 production rate of 2 X 10 -s cm • STP He•/g m.y. Begemann et al. [1957] . Bogard et al. [1968] . Haskin et al. [1966] .
This work (see section 3 under results).
showed that this pil was high enough to prevent resin absorption of rare-earth elements that might have been present in the solution. On the other hand, any Ba present in the solution (see section on interfering ions) would have been strongly held on the resin. Finally, the resin, now in the NH,* form, was washed with H20 to remove the reagent and the upper third of the resin that might have been contaminated with Ba was discarded.
About 1 em • of the remaining resin was packed into the Si02 glass capillary and the resin height adjusted to about 32 cm. Excess water was removed, and 0.2 M 2-methyl lactic acid, adjusted to pil 4.10 with concentrated Nil,Oil was loaded onto the column. The column was allowed to drain for several hours, then a nitrogen pressure of about 0.14 kg/em • over atmosphere was applied to the top of the column for about half an hour to bring the total volume of effluent to 10 ml. Excess solution and excess resin over exactly 30-em column height were removed with a pipette, and 0.15 ml II•O was passed through the column. The sample was loaded onto the column after it was prepared to this state. Elution was earfled out with 0.2 M 2-methyl lactic acid of pil 4.10 at a pressure of 0.14 kg/em • over atmosphere resulting in a flow rate of one drop per minute. All separations were earfled out at room temperature (22 ---+ IøC). After each sample separation, the resin was discarded.
Repeated calibrations of the column with Gd • tracer showed that the peak of the Gd elution curve was reproducible to within an average deviation of ---+4 drops for a given batch of resin. flowever, a shift of 4 drops in the elution curve toward the Eu peak should be easily detected during the mass spectrometric analysis because of the high sensitivity of Eu. Only one column separation out of nine showed serious Eu contamination. The results of this separation were not accepted. Consequently, for reasons that are not understood, it appears that the Gd elution peaks for the samples analyzed were well within the ---+4-drop spread. Figure I shows that the procedure outlined above resulted in a good separation of Gd from the other rare earth elements.
Blank determinations
showed that the Gd contamination introduced by the complete chemical processing was less than 3 X 10 -• gram. 2. Mass spectrometry. The sample was evaporated to dryness, redissolved in a drop of 1.5 N IlC1, and loaded on a rhenium filament. The amount of sample loaded is given in Tables  2-5 At the intensities used for the sample measurements, the mass 170 and mass 171 peak tops are fiat to better than 5 X 10 -• and 2 X 10 -3, respectively. 
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Here the terrestrial Gd isotopic ratios are • given in Table 2 After the Gd isotopic ratios of a set of ten spectra were corrected as outlined above, the isotopic ratios were then corrected for mass fractionation by normalization to Gd Table 2 the isotopic ratios obtained for terrestrial Gd are compiled. The contributions of BaC1 and Sm were less than 0.01% for all runs in Table 2 . The mass fractionation correction was made by normalizing the Gd•/Gd TM --0.9361. The different measurements agree within the statisitical errors, and no systematic differences were found between data obtained using the multiplier (MP) and those obtained using the Faraday cup (FC).
The excellent reproducibility of the analyses tabulated in Table 2 shows that the calculated statistical error provides a realistic estimate of the over-all precision for a given mass spectrometric analysis. Further, these indicate that isotopic variations of 0.1% in the Gd•-•/Gd TM should be detected even for small (less than 10-•-gram samples). Table 2 also gives values for the terrestrial Gd isotopic ratios as determined by Collins et al. [1957] . Our results agree reasonably well with the data to within the precision that they report. Although there undoubtedly is a small systematic error due to mass discrimination in both the present and the literature data, it is reasonable to use the abundance data reported in the present work for Gd over that of pre- 2. Irradiation experiment. We have analyzed irradiated Gd samples in order to confirm the expected sensitivity for detecting small neutron-capture effects of Gd TM and Gd •55. Thin layers of GdF8 were vaporized in vacuum onto high-purity A1 foils. To prevent self-shielding effects the thickness was adjusted to about 10-' gram GdFs/cm •. Two samples were exposed to a well-thermalized neutron flux in the Brookhaven Medical Reactor together with two Au monitors located above and below the Gd sample. One exposure was 10 min, the other was 100 min. A sample of Cd-covered Au was exposed separately to correct for epithermal contributions to the observed Au TM activity. After the irradiation the thermal neutron fluxes were determined, based on the Au TM 7 activity of the monitors and are given in Table 3 The results obtained are shown in Table 3 .
All data are normalized to the same ratio Gd•/ Gd •6ø --0.9361 as the terrestrial samples (i.e., an effective discrimination is calculated assuming this ratio). A normalization procedure based on Gd•'/Gd TM is more suited for the discussion of neutron-capture anomalies since Gd TM and Gd •ø are not affected. However, the precision of this ratio is in most cases considerably lower than for Gd•-•/Gd TM. We have made allowance for the fact that the discrimination calculated by using Gd 3. Gd concentrations. For samples for which the Gd concentrations were not known, a small aliquot of the Gd sample was spiked after the chemical separation with enriched Gd TM and analyzed. Since the Gd yield of the first ionexchange column used was more than 99% and that of the second one about 96% (see Figure  1) , we estimate our Gd concentrations given in Table I to be correct within about ten per cent.
4. Meteorites showing no Gd anomalies. Table 4 gives the data for meteorites showing no neutron capture anomalies. Within the limits of experimental errors, the results for each run agree with the results for terrestrial Gd. The quality of the data differs considerably for different runs, depending mainly on the size of the sample analyzed. A small BaC1 correction had to be applied for the runs of very small samples (runs 34, 37, 39, and 45) and a 100% error for each correction was added quadratically to the statistical errors. Therefore, these data are of somewhat lower quality than those for which the BaC1 correction was negligibly small. 
